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(54) Path nnonltorlng in optical communication systems 


(57) An optical communication line tiaving optical 
fibre amplifiers Including a pump laser can be config- 
ured to suppress ttie transmission of optical signals, for 
example wfien used as a duplicate line for redundancy, 
by reducing the power of tfie pump laser. In order that 
the portion of the line downstream of the amplifier can 
be n)onitored for fibre breaks causing only negligit)le 
crosstalk with a parallel working line and with the elimi- 
nation the risk of mistaking reflections from a working 
line for light emitted by the standby amplifier, light emit- 


ted by the standby amplifier is modulated by a low fre- 
quency control tone. Preferaljly the pump laser current 
is modulated by a low frequency signal. The nKxiulated 
laser light causes nxxjulation of the ASE generated in 
the amplifier to create a control tone. Monitoring means 
disposed at the end of the optical line detect this control 
tone and use this as the criteria for a functional connec- 
tion downstream of the amplifier. 
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Description 

1 . Field of the Invention 

[0001] The present invention relates to optical fbre 
communication lines that are configured to operate in 
stand-by, that Is to attenuate or sut)stantially suppress 
the transmission of signals, but can still be monitored for 
cable ruptures or other defects. The invention is particu- 
larly relevant to optical systems wherein a redundancy 
of optical fbre cables is provided for added protection, 
and specifically to wavelength division multiplexed sys- 
tems. The invention further concerns optical fbre ampli- 
fiers suitable for use in an optical communication line 
that may be configured to operate In standby, arxi a 
method Ibr monitoring the operation of an optical com- 
munication line configured to operate in standby. 

2. Background Art 

[0002] In many optical communication applications it 
is important to t»lock the transmission of signals through 
individual paths, at least temporarily. One application is 
the duplication of an optical link connecting terminal sta- 
tions so that operations can continue following failure of 
one of the lines. Such an arrangement is of particular 
Importance for optical wavelength division multiplexed 
(WDM) systems in which large amounts of traffic are 
borne by a single fibre. 

[0003] In a known WDM point-to-point system multiple 
signals are multiplexed at a transmitting terminal onto a 
single optical fibre cable which Is then split into two 
paths using a fibre coupler. The signals on each path 
are amplified at the transmitting end by an optical fbre 
power amplifier and at the receiving end by an optical 
fibre pre-amplif ier. Optical fibre amplifiers comprising a 
doped fibre into which is coupled pumped optical radia- 
tion from a pumping laser are well known in this fiekJ 
and are for example disctosed on pages 402 to 404 of 
IEEE Proceedings J. vol. 135. no. 6, 1988pp385-407, P. 
Urquhart, 'Review of rare earth doped fibre lasers and 
amplifiers'. The two paths are tiien recombined using a 
fibre coupler at the receiving terminal prior to demulti- 
plexing. Further optical amplifiers may be provided 
along the paths to compensate for signal attenuation if 
the distance between tiie terminal stations is large. 
[0004] At any one time only one of these paths should 
t>e active to prevent interference cross talk t>etween the 
signals at the receiver. However, if redundancy is to be 
preserved, the inactive line must be in working order. 
Thus rt is desirakMe to continually monitor the state of the 
inactive or standby line so that any fault can be detected 
and if possible repaired. 

[0005] In the known system tiiis is done to a limited 
extent by keeping all but the final optical fbre amplifier 
active. The final amplifier, generally the pre-amplifier. is 
almost turned off thus blocking the signals. If the pump- 
ing energy is sufficiently low, substantially all light 


energy input into the amplifier will be absorbed. 
[0006] Since the signals in the redundant path are 
propagated up to the pre-amplifier, the correct operation 
of tiie |>ath upstream of this amplifier can be verified in 
5 the normal fashion by monitoring the propagated light 
signals. 

[0007] However it is also desirat)le to monitor tiie fbre 
section between the pre-amplifier and the demultiplexer 
as well as the operation of the pre-amplifier itself. A pos- 

10 sible solution is to have tiie pre-amplifier 'glowing' i.e. to 
drive the punp laser at a low power, so that a signal 
resulting from amplified spontaneous emission (ASE) 
generated in the amplifier is propagated by this fbre 
section. The power shoukj be so low that the signal Is 

15 attenuated sufficiently not to cause cross talk penalty at 
the receiver, but large enough to be monitored as light 
at the input of the receiver. The problem with this 
arrangement is that reflectk>ns of the lighit signal from 
tiie working section occurring at the various device 

20 interfaces may be stronger than tiie low power light from 
the 'glowing* pre-amplifier. As a result it is very difficult to 
determine whether light detected on the standby patii 
downstream of the 'glowing' pre-amplifier originates 
from this pre-amplifier or from the working path. Accord- 

25 ingly a broken fibre in this fbre section may not t>e 
detected. 

[P008] It is ttierefore an object of the invention to pro- 
vide an optical communication line which may be moni- 
tored reliably and in its entirety even when configured to 
30 block signals. 

SUMMARY OF THE INVENTION 

[0009] In an optical communication line that may be 

35 configured to block signals using an optical fbre ampli- 
fier, this object is achieved according to the invention t>y 
providing modulating means adapted to superimpose a 
control tone on the amplifier output signal at least when 
the amptrf ier is configured to attenuate received signals. 

40 and by providing monitoring means downstream of the 
amplifier for detecting the control tone. In a preferred 
errtxxiiment, the pumping radiation of the optical arrpli- 
f ier is modulated, resulting in modulated amplified spon- 
taneous emission at the output of the amplifier. 

45 [0010] By modulating the amplifier output signal witii 
a control frequency, a recognisatile and distinct signal 
will be generated even when the amplrfier is driven to 
attenuate any received signals. Since the nvxlulating 
means specifically detect tiiis control frequency rather 

50 tiian simply a predetermined level of light energy, tiie 
correct functioning can be reliably determined simply by 
ascertaining tiie presence or absence of tiiis control 
tone. 

[001 1 ] According to a f urtiier aspect of the invention 
55 this arrangement is applied to an optical communica- 
tions system wrtii transmrtting means and receiving 
means that are interconnected by at least two optical 
fbre cables arranged in parallel. An optical fibre ampli- 
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f ier on one of the lines comprises modulating means for 
superimposing a control tone on the amplifier optical 
output signal at least when the amplifier is configured to 
attenuate signals. The control tone is detected by mon- 
itoring means arranged downstream of the amplifier. 5 
When this system is configured with one path working 
and the signals in the other path blocked by the optical 
fibre amplifier, the correct functioning of the inactive 
cable can be reliably ascertained. In particular, the risk 
of mistaking reflections from the working cafc)le for the 10 
low power light from the optical amplifier of the standby 
cafc)le is substantially eliminated, since the presence of 
the control tone frequency is the criteria for determining 
a functioning connection between the amplifier and the 
receiving means. In a further emtxxiiment of the inven- 15 
tion this arrangement is applied to a wavelength division 
multiplexed system. 

[001 2] A further aspect of the invention resides in an 
optical fbre amplifier suitable for use in an optical com- 
munications line which has modulating means adapted 20 
to superimpose a control tone on the amplifier output 
signal. This amplifier is capable of emitting a distinct 
and recognisable signal, even when operating at low 
power to block incoming light signals, and hence ena- 
bles both its cwn function and the integrity of any subse- 25 
quent optical fibre link to t>e verified reliably. 
[001 3] The atx>ve object is f urtiier achieved according 
to another aspect of tfie present invention in a mettiod 
for monitoring the operation of an optical communica- 
tion line including modulating the amplitude of tiie opti- 30 
cal amplifier output signal a control tone and 
ascertaining the condition of the line by determining the 
intensity of said control tone on said optical fbre cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

[001 4] Further objects and advantages of the present 
invention will become apparent from the following 
description which describes a prefen^ed embodiment of 
the invention by way of example with reference to the 40 
accompanying drawings, in which: 

Rg. 1 schematically depicts an optical wavelength 
division multiplexed point-to-point system 
with duplicated paths including a working 45 
path and a protection patii. and 

Rg. 2 schematically shows the receiving end of an 
optical WDM point-to-point system with a 
working path and protection path, the protec- so 
tion patti being configured in accordance 
with the invention. 

Fig. 3 shows, as a block diagram, ttie optical fbre 

pre-anrplifier for use in tiie system of Rgs. 1 55 
and 2. 


DETAILED DESCRIPTION OF THE DRAWINGS 

[001 51 The WDM point-to-point system shown in Rg. 
1 comprises WDM transmitters 10 each of which sends 
a payload data signal modulated onto a carrier wave- 
length to a multiplexer 11 which, in turn, combines the 
signals onto a single fbre 12. This fbre 12 is then split 
into two paths 20, 20' by means of a 1X2 or 2X2 fibre 
coupler. The multiplexed signals in each path are thus 
propagated in parallel through a first optical amplifier, or 
power amplifier 13, 13', tiirough optical line amplifiers 
14, 14', only one of which is shown in each path in this 
example for cortvenience, arxJ through a final amplifier 
or pre-amplrfier 15, 15*. respectively. The fibres of tiie 
two paths 20, 20* are then reconbined t>ef6re entering a 
demultiplexer 16, which separates tiie signals according 
to wavelength and passes the signals to a WDM 
receiver 17. The optical power arrplifiers 13, 13' arxJ 
line amplifiers 14,14' may be constituted by any suitable 
optical amplifiers, including, but not limited to, optical 
repeaters of the regenerative type or optical fbre arrpli- 
fiers such as disclosed in the above-mentioned refer- 
ence. 

[001 6] Fig. 2 shows the receiving erxJ of the point-to- 
point WDM system. From this figure it is apparent that 
optical taps 1 8, 1 8' and associated detectors 1 9, 1 9' are 
provided on the two lines 20, 20' before and after tiie 
pre-amplifiers 15, 15'. The detectors preferat)ly take the 
form of nrx)nitoring PIN diode receivers, although it will 
be understood that any suitable device capable of con- 
verting the tapped optical signal into electrical energy 
could be utilized. Although not shown in Rg. 1 , similar 
optical taps and associated detectors are provided 
before and after each amplifier in both lines 20, 20' for 
extracting a small portion of the incident optical power to 
enable the connections and functions of the paths to be 
nK>nitored at each stage. In addition, a further optical 
taplSand 18' and associated detectors 21. 19'arecon- 
nected to each of the fibres directiy upstream of the 
recombining of the two paths 20 and 20' in an optical 
combiner 22. 

[0017] In this point-to-point system, tiie signals are 
propagated from the multiplier 1 1 to the demultiplexer 
1 6 only by the working path 20*. Hence, all the amplifiers 
13*. 14*. 15' on tiiis path are operating normally to 
amplify tiie optical signals. In tiie protection path 20, tiie 
signals are propagated through tiie power amplifier 13 
and the line amplifiers 1 4 up to the pre-amplifier 15. The 
normal operation of the power anrplifier 13 and line 
amplifiers 14 of the protection path 20 is necessary to 
enatrfe detection of any interruption in transmission due 
to a fbre t>reak or a faulty connection by the associated 
detectors 19 upstream of tiie pre-amplifier 15. However 
to prevent interference cross talk between duplicate sig- 
nals arriving at the demultiplexer, tiie final amplifier 15 
on the protection path is configured to block the incom- 
ing signals. 

[0018] Fig. 3 shows tiie principle of operation of tiie 
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optical fibre amplifier 15 utilised as a pre-amplifier 15 in 
the protection path 20. The amplifier comprises a fixe 
section 30 doped with rare earth ior^ or a similar fluo- 
rescent sut>stance into which is coupled the optical 
input signal. Optical punping energy from a pump laser 
31 is likewise coupled into the doped fibre section 30 
through an optical coupler 32. The pump laser 31 is 
driven by a drive current supplied by a drive circurt 33. 
The drive circurt 33 is in turn controlled by a control cir- 
cuit 34. This control circuit may be arranged in the opti- 
cal amplifier unit or be located remote from the amplifier 
15 and connected via a separate and possibly dedi- 
cated supervisory or control channel- The control circuit 
way contain dedicated circiatry but pr^erably incorpo- 
rates a microprocessor or sintilar data processing 
means with associated memory. 
[0019] If the pre-amplifier 15 is to prevent incoming 
signals from being propagated in the final fibre section 
between the pre-amplifier 15 and the optical combiner 
22, the drive circuit 33 is controlled by the control circuit 
34 to supply a low power to the pump laser 31 which 
accordingly supplies a low optical pumping energy to 
the doped fbre 30. When the optical pumping energy to 
the doped fibre section 30 falls below a certain level, 
substantially all the lighit energy of the irKK)ming optical 
signals will be absorbed and the signals attenuated 
rather than amplified. In this state the amplifier 15 is 
described as 'glowing*. However, amplified spontaneous 
emission will always occur while optical power from the 
laser is punnped to the doped fbre section. Accordingly 
a low power light signal will be present at the output of 
this pre-amplifier 15. 

[0020] A nxxiulating generator 35 operating at a pre- 
determined low frequency is likewise connected to the 
drive circuit 33 and controlled by the control circuit 34. 
When the amplifier 15 Is configured to attenuate the 
incoming optical signals, the modulating generator 35 
nrvxlulates the pump laser drive current. Provided that 
the nrxxlulation frequency is sufficiently tow, i.e. lower 
than the spontaneous lifetime of the excited electrons In 
the doped fibre 30, the resulting modulation of the pump 
laser light will cause the modulation of the amplified 
spontaneous emission (ASE). The nxxlulated ASE 
which serves as a pilot or control tone can then be 
detected by the last PIN diode receiver 21 disposed 
directly upstream of the optical combiner 22. 
[0021 ] Although in the arrangement of the optical fbre 
amplifer 15 described at)ove, the superposition of a 
control tone on the amplifier output signal is achieved by 
nxxlulting the pump laser current, it will be understood 
that modulation can be imposed elsewhere in the opti- 
cal fbre amplifier 15. For example, nxxfulated light 
coukJ be coipled directly into the active fitxe together 
with the pumping radiation, or alternatively directly into 
the output fbre of the optical amplifier using an optical 
coupler. 

[0022] Because the pre-amplifier 1 5 emits a tone and 
not simply a low dc power level, the pin diode receiver 


21 can reliably cfistingu^h the light energy originating 
from the protection path from any reflections of the sig- 
nals propagated through the working patii caused by 
inrperfect connections at the optical corrbiner 22 or the 

5 demultiplexer 16. Preferably, the pin diode receiver 21 
Includes a synchronous receiver tuned to the ASE mod- 
ulation frequency to increase the detection sensitivity. 
This alkws the glowing power of the pump laser to be 
reduced even further to rerxier negligible any potential 

w risk of cross talk between the control tone and the prop- 
agated signal at the receiver 16, 17. 
[0023] The ratio of tiie output powers of tiie pre-ampli- 
fier 1 5' of the working section and tiie pre-amplifier 1 5 of 
the protection section Is selected to minimise crosstalk 

15 txit also to enable the PIN diode receivers 21, 19' on 
each path to clearly distinguish between tiie working 
section ligfit signal and the protection section light sig- 
nal, so that loss of power in either the working section or 
tiie protection section can be reliat)le detected. A ratio 

20 of around 30dB has proved to be suitable for this pur- 
pose. 

[0024] In a furtiier possble arrangement of tiie pre- 
amplifier 15, the modulating generator 35 is configured 
to Intervene permanently to OKxiulate the punrp laser 

25 drive cun^ent by a low frequency signal I.e. even when 
the amplifier 15 is operating at normal power to amplify 
the incoming signals. The low nxxJulation level neces- 
sary for ensuring detection by tiie PIN diode receiver 21 
when the pre-amplifier 15 is operating at reduced power 

30 will produce a substantially negligible ripple on the prop- 
agated data signals when the protection path is active, 
and tiierefore will not adversely affect normal traffic flow. 
[0025] The operation of tiie system is as follows. 
During normal operation the uppermost optical fibre line 

35 20' shown in Figs. 1 and 2 will be active while the lower- 
HDost line 20 is in standt>y. Signals transmitted by the 
WDM transmitter 10 and multiplexed onto the single 
fbre section 12 by the multiplexer 1 1 will be propagated 
through the working path 20 to the demultiplexer 1 6 and 

40 WDM receiver 1 7. and also tiirough the protecting patii 
20 as far as the pre-amplifier 15. In Its standby state this 
amplifier 15 Is configured to attenuate incoming signals, 
i.e. the pump laser 31 of this latter anrplrfler 15 is driven 
at low power ('glowing* ). The pump laser light Is also 

45 modulated by a low frequency signal generated by the 
signal generator 35 causing a conb'ol tone to be super- 
Imposed on the ASE generated In the doped fbre 30. 
[0026] The PIN diode receivers 19* along the working 
path monitor tiie level of the transmitted signal to deter- 

50 mine whether the working path Is functioning correctly. 
The PIN diode receivers 19 upstream of the pre-ampli- 
fier in the protection path likewise nrK>nitor the light 
power level to ascertain the Integrity of this section of 
the line. The PIN diode receiver 21 at the input of tiie 

55 optical comt)iner 22 also monitors the tine but specif i- 
catly detects the presence or atisence of the conti^ol 
tone. 

[0027] If a prot)lem occurs on tiie working patii 20', 
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this is detected by one or more of the PIN diode receiv- 
ers 19'. The pre-amplifier 15' of the working section will 
then be turned off. or alternatively configured to 'glow', 
and the pre-amplifier 1 5 of the protection path 20 can be 
switched into operation to enable the transmitted light 5 
signals modulated with data to be propagated through 
the whole of the protection path 20 to the receivers 17. 
[0028] However, if a fibre break occurs on the protec- 
tion path wfiile this line is in standby, this will be 
detected either as a loss of power by one or nmre of the 10 
PIN diode receivers 1 9 upstream of the pre-amplifier 15, 
or alternatively as an at)sence of the control tone by the 
PIN diode receiver 21 which irxik;ates that the problem 
Is located between the pre-amplrfier 15 and the demulti- 
plexer 1 6. In either scenaria a swrtch-over of traffic relay is 
from the working path to the protection path in the event 
of a loss of power in the working path will be bkx:ked. 
[0029] From the atxTve description it will be apparent 
that the pre-amplifier 15' of the working section 20' 
couki also be provided with a means for modulating the 20 
ASE at least when this amplifier is configured to block 
optical input signals after a path switch. In this case the 
final PIN diode receiver 19' of the working path 20' and 
the PIN diode receiver 21 of the protection path 20 
coukI both be designed to selectively detect a loss of 2s 
power of the transmitted signal or an at>5ence of control 
tone. In this way fuM redundancy can be provkJed 
wherein eitfier one of the paths may be configured as 
the active path while the other is in starKiby. 
[0030] It will further be apparent that the invention is 30 
not limited to systems providing redundancy. In particu- 
lar the inventk>n also has application in systems wherein 
two or more lines carrying information from different 
sources arrive at a single receiver. To prevent cross talk 
interference it is inr^rative that all but one of the lines 35 
be operative at any one time, and accordingly the pre- 
amplifiers or final line arrplifiers of tfie remaining links 
are configured to block the transmitted signals. With the 
arrangement according to the invention these lines can 
be continually nwnitored through Id the receiving sec- 40 
tion so that any fault arising may be detected and if pos- 
sible repaired before the line is brought irrto sendee. 
Clearly different modulation frequ^ides could then be 
used to nrxKlulate the pumping light radiation of each 
line in standby so that the condition of each line can be 45 
ascertained. 

[0031] In a further conceivat)le application, the 
arrangement according to the invention couki be utilized 
in an optk;al system, which nrtay be wavelength cfivision 
multiplexed, having a hub comprising a plurality of line 50 
sections connected in series, wherein indivkiual sec- 
tions can be turned off. i.e. the associated optical fbre 
amplifier driven to "gtow", to enaSoUe different path con- 
figurations between lines running into and out of the 
hub. Again, in this arrangement the reliability of the sys- 55 
tern can be significantly improved using the arrange- 
ment and method according to the invention t>y 
permitting the full monitoring of any standby sections. 
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Clainis 

1. An optical communications line, including at least 
one optical fibre cat)le (20) with an optical fibre 
amplifier (1 5) and receiving means (1 6, 1 7) coupled 
to said optical fibre cable (20) downstream of sad 
optk^l fbre amplifier (15) for receiving optk:al out- 
put signals from sad optical fibre amplifier (15), 
said optical fibre amplifier (15) conprising at least 
one source of optical pumping radiation (31) and 
being conf igurat>le to attenuate signals received via 
said optical fbre cat>le (20), characterised in that 
nKxjulating means (35) are associated with said 
optical fbre amplifier (15) for si^serimposing a con- 
trol tone on the output signal of sad optical fibre 
amplifier (15) at least when sad optical fibre arrpli- 
fier (15) is configured to attenuate the received sig- 
nals, and nrx)nitoring means (18, 21) are arranged 
between sad optical amplifier (15) and sad receiv- 
ing means (16, 17) for nranitoring the intensity of 
said control tone. 

2. An optical communications line as claimed in claim 
1 , characterised in that said modulating means (35) 
are associated with said optical pumping radiation 
source (31) for modulating tiie output of said optical 
fbre airplifier (15). 

3. An optical communications line as claimed in daim 
1 or 2, characterised in that at least one further opti- 
cal fibre amplifier (13. 14) is arranged on sad opti- 
cal fbre cable (20) upsb^eam of sad optk;al fibre 
amplifier (15). 

4. An optical comnnunications line as claimed in any 
one of claims 1 to 3, characterised in that sad 
receiving means (16, 17) are connected to receive 
optk^al signals from at least one further optk:al fibre 
cable (207. 

5. An optical communications line as claimed in daim 

4, characterised in that said optical fbre cables (20, 
20*) are coupled by an optical combiner (22) at the 
input of sad receiving means (16, 17). 

6. An optical communications line as daimed in daim 

5, characterised in that sad nrKxiitoring means (18, 
21) are arranged upstream of sad optical combiner 
(22). 

7. An optical communications line as claimed in any 
one of claims 4 to 6, characterised in tiiat an optical 
fbre amplifier (150 is arranged on sad at least one 
further optical fbre cable (20*). 

8. An optical communications line as daimed in daim 
7. characterised in that sad optical fbre amplifier 
(15') on said at least one further optical fibre cable 
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(20*) is configurable to attenuate received signals, 
and modulating means (35) are associated with 
said optical fibre amplifier (IS*) for superimposing a 
control tone on the output signal of said optical f it>re 
amplifier (1 5*) at least when said optical fibre ampli- 
fier is configured to attenuate the transmitted sig- 
nals, and monitoring means (19*) are arranged 
between said optical amplifier (IS*) and the input of 
said receiving means (16, 17) for monitoring the 
intensity of said control tone. 

9. An optical communications line as claimed in daim 
8, characterised in that said modulating means (35) 
are associated with the optical pumping radiation 
source (31) of said optical fftxe amplifier (15^. 

10. An optical communications line as claimed in any 
one of claims 1 to 9, characterised in that said con- 
trol tone is an extremely low frequency signal. 

11. An optical communications line as claimed in any 
one of claims 1 to 10, characterised in that said 
monitoring means comprise a PIN diode receiver 
(21). 

12. An optical communications line as claimed in any 
one of claims 1 to 11, characterised in that said 
monitoring means (21) comprise a synchronous 
receiver sensitive to said control tone. 

13. An optical communications system comprising 
transmitting means (10. 11) and receiving means 
(16, 1 7) interconnected by at least two optical fixe 
cables (20, 20*) arranged in parallel, at least one of 
said optical fibre cables (20) including an optical 
fibre amplifier (15) and comprising at least one 
source of optical pumping radiation (31), the optical 
amplifier (15) of at least one line (20) being config- 
urable to attenuate signals received on the corre- 
sponding optical fibre line (20). characterised in that 
modulating means (35) are associated with the 
optical fbre amplifier (15) of said at least one line 
(20) for superimposing a control tone on the output 
signal of said optical fbre amplifier (15) at least 
when said amplifter is configured to attenuate said 
transmitted signals, and monitoring means (18, 21) 
are arranged between said optical amplifier (15) 
and the input of said receiving means (16, 17) for 
nrK>nitoring the intensity of said control tone on said 
at least one line (20). 

14. An optical comnunications system as claimed in 
daim 13, characterised in that said modulating 
means (35) are assodated with said optical pump- 
ing radiation source (31) to nrxxJulate teh optical 
pumped radiation. 

1 5. A wavelenigth division multiplexed optical comnruni- 


cation system comprising transmitting means (10, 
11) arxi receiving means induding a demultiplexer 
(16) and a receiver (17), said transmitting means 
and receiving means being interconnected by at 

5 least two optical fibre lines (20, 20*) arranged in par- 
allel, at least one optical fOt)re line (20) comprising 
an optical amplifier (15) connected to the input of 
demuttipl^er (16) and comprising at least one 
source of optical pumping radiation (31), wherein at 

10 any one time the optical amplifier (15) of at least 
one line is configured to attenuate signals transmit- 
ted from said transmitting means to said receiving 
means, characterised in that modulating means 
(35) are associated with the optical amplifier (15) of 

IS said at least one line (20) for superimposing a con- 
trol tone on the output signal of said optical fibre 
amplifier (15) at least when said amplifier Is config- 
ured to attenuate said transmitted signals, and 
monitoring means (21) are arranged between said 

20 optical fibre amplifier (15) and the input of said 
demultiplexer (16) for monitoring the intensity of 
said control tone. 

16. An wavelengtti division multiplexed optical commu- 
25 nications system as daimed in daim 15, character- 
ised in that said modulating means (35) are 
assodated with said optical pumping radiation 
source (31) of said optical fibre amplifier of said at 
least one line to modulate the optical pumped radi- 

30 ation. 

17. An optical fibre amplifier for an optical communica- 
tions line including at least one fbre section (30) 
doped with fluorescent substance and at least one 

35 source of optical pumping radiation (31) coupled to 
said doped fibre section (30), and being configura- 
ble to selectively attenuate or amplify received sig- 
nals, characterised in that said optical fibre 
amplifier comprises modulating means (35) to 

40 superimpose a oonti-ol tone on the output signal of 
said optical fibre amplifier (15) at least when said 
optical fibre amplifier is configured to attenuate the 
transmitted signals. 

45 18. An optical fibre amplifier as claimed in claim 17. 
characterised in that said modulating means (35) 
assodated with said source of optical pumping radi- 
ation (31) to modulate said optical pumping radia- 
tion. 

50 

19. An optical fibre amplifier as claimed in claim 18. 
characterised in that said modulating means (35) 
are an^anged to modulate a drive cun^ent of said 
source of optical pumping radiation (31). 

55 

20. A method for nmnitoring the operation of an optical 
communication line induding an optical fibre catAe 
(20) with an optical fibre amplifier (15) having a 
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source of optical pumping radiation (31) and being 
configured to attenuate received signals, including: 

modulating the amplitude of the optical fbre 
amplifier output signal with a control tone, s 

ascertaining the condition of ttie line by deter- 
mining the intensity of said control tone on said 
optical fibre cable. 

10 

21. A method as claimed in claim 20, including mo6u- 
lating the anplrtude of the optical pumping radiation 
with a control tone to modulate the spontaneous 
emission of said optical fibre amplifier. 
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